NaCl-KCl-Na 2 S at 700ºC. Scan rate: 100 mV s -1 .
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Supplementary 
Results of Potentiostatic Electrolysis

47
Potentiostatic electrolysis was employed to determine an appropriate current density to 48 conduct galvanostatic electrolysis while avoiding secondary electrolyte decomposition (chlorine 49 evolution). During potentiostatic electrolysis, the potential of the working electrode was held 50 constantly at 1V (vs Na/Na + ), the potential of the counter electrode and the cell voltage were 51 monitored ( Supplementary Fig. 4 ). In this experiment, features measured in the cell voltage are 52 attributed to the half reaction at the counter electrode. At the beginning of the electrolysis, we 53 observe that the counter electrode potential takes the value of 3.4 V (vs Na/Na + ) and the current 54 density settles to ~1800 mA cm -2 ( Supplementary Fig. 4) . Gradually, the potential of the counter 55 electrode decreased and was attended by a decrease of current density. After 2000 s the potential 56 of the counter electrode dropped to 2.8 V, and simultaneously the current density dramatically 57 decreased below 260 mA cm -2 , suggesting that most of the Sb 2 S 3 had been converted to Sb. It is 58 desirable to avoid high polarization at both electrodes to suppress potential side reactions such as 59 chlorine evolution at the anode and co-deposition of sodium and / or potassium at the cathode. 
